Background: Metabolic syndrome) MetS( is a complex risk factor which increases the risk of cardiovascular diseases and type 2 diabetes. There are many studies with various populations and results about the prevalence of MetS in Iran; in order to authenticate these studies and have an overall estimation of its prevalence in Iran, performing a meta-analysis seems to be necessary. Objective: This study aimed to investigate the prevalence of MetS and its components in Iran via meta-analysis method. Methods: All associated published papers in national and international journals of PubMed, Scopus, Web of Science, Magiran, Iranmedex, Science Direct, Medlib, and SID databases were searched from January, 2000 to October, 2016. All types of studies, including local and national surveys that reported the prevalence of MetS among healthy populations in Iran were reviewed. The effects of age, sample size and publication date as possible sources of heterogeneity among the study findings was examined by meta-regression. P-values less than 0.05 were considered as significant in heterogeneity tests. All analysis was done by R Ver. 3.2.1 and STATA (version 10). Results: Seventy eligible studies were selected for meta-analysis. The overall estimation of MetS prevalence was 25% (95% CI: 22-29%) based on the Adult Treatment Panel III (ATP III) criteria, 30% (95% CI: 25-36%) according to the International Diabetes Federation (IDF), and 39% (95% CI: 26-52%) based on the Joint Interim Societies (JIS) criteria. The prevalence of MetS was lower in men than in women (26.9% versus 35.7%). The prevalence of various MetS components including High TG (triglyceride), Low HDL-C, High BP and High FBS (fasting blood sugar) was 43%, 54%, 38% and 22% among the adult population.
Introduction
Metabolic Syndrome (MetS), known also as Met Syn or Syndrome X, is a complex metabolic disorder which was at first introduced by Hanefeld and Leonhardt and later defined by Dr. Reaven from Stanford University (1, 2) . This syndrome includes obesity, dyslipidemia (low HDL-c and hypertriglyceridemia), hypertension and impaired glucose Page 5403 tolerance, which any three of these criteria constitute diagnosis of MetS and its simultaneous occurrence is more probable than each one per se (1) (2) (3) . As insulin resistance is an underlying cause of the other risk factors, especially type 2 diabetes and CVD, MetS is also called "insulin resistance syndrome" (4) . There are several definitions for MetS; the most commonly used definitions for MetS are those provided by the World Health Organization (WHO), the National Cholesterol Education Program-Adult Treatment Panel III (NCEP-ATP III), the International Diabetes Federation (IDF), and the Joint Interim Societies (JIS) (5) . Although there are a number of different definitions for MES by various health organizations, the basic components remain constant and include hypertension (HTN), abdominal obesity, glucose intolerance or diabetes, and atherogenic dyslipidemia (6) . MetS has deleterious effects and its component increase the chance of cardiovascular diseases (CVD), diabetes, and all-cause mortality (3) (4) (5) (6) . CVD mortality is significantly higher in MetS patients (7, 8) . Because of the relationship between this syndrome, diabetes, and CVD and its high prevalence, MetS has been considered by most researchers (7) (8) (9) . The Framingham study showed that MetS alone is a predictor of nearly 25% of CVD new cases (3) . In the last two decades, CVD mortality has increased 20 to 45% which one of its underlying reasons was MetS (10) so that it increases total mortality from cardiovascular disease by 1.5-fold and risk for cardiovascular death by 2.5-fold (3, (7) (8) (9) (10) . In addition, this syndrome increases the risk of diabetes mellitus 3 times (10) . It seems that various factors, including ethnic predisposition, gender, age, race, cultural and lifestyle habits, stress, sedentary behavior, poor diet and socioeconomic status of a society's members affect the prevalence of MetS; thus, its prevalence has large variations in different societies (11) (12) (13) (14) . The incidence of chronic diseases and MetS in developing countries is more than in developed societies (15) . One study in metropolitan Tehran, estimated that the MetS prevalence in the adult population was more than 30% (16) . The nationwide prevalence of MetS in the adult population is reported to be 35.6% based on ATP III criteria, which is higher than in developed countries such as the United States (17, 18) . Therefore, MetS is now an emerging health problem at public and individual levels. Strategies and programs for primary prevention of non-communicable diseases emphasize appropriate evaluation and management of risk factors (19) , so determining the magnitude of MetS in various populations highlights the need for preventive and management strategies, and enables healthcare services planning. There are many different studies with various populations about the prevalence of MetS in Iran. So, it is very important to have an overall estimation of MetS prevalence by synthesizing available studies; also, understanding the breadth and quality of conducted studies is critical. Recently, one meta-analysis of 28 observational studies was conducted on this topic in Iran (5) . Although this review estimated the prevalence of MetS in the adult population, the authors did not perform a meta-analysis among children and adolescents. It seems that CVD risk factors coexist in children similarly to adults. On the other hand, although atherosclerotic disorders are more prevalent in adults, it begins in younger ages (1) . So MetS diagnosis among children and adolescents has a significant role in diabetes and CVD prevention (10). Thus we conducted a meta-analysis among children and adolescents. Also, in a recent meta-analysis, the prevalence of various components of the metabolic syndrome had not been definitively determined (5) . Furthermore, since the publication of this meta-analysis, further studies have been published on this topic with clinically important results that have not yet been effectively summarized. In order to authenticate studies, performing an updated meta-analysis seems to be necessary. Thus, the main purpose of the present meta-analysis was providing an overall summary measure of prevalence rate of MetS and its components, in Iran.
Material and Methods
The present systematic review/meta-analysis which was performed in 2016-2017 sought to identify papers published on metabolic syndrome prevalence in Iran and included different parts such as problem definition, data collection, analysis, and interpretation of results.
Inclusion and exclusion criteria
All papers with the selected keywords in their titles or abstracts were included in the initial list, and other unrelated articles were eliminated. All types of studies, including local and national surveys that reported the prevalence of MetS in Iran were reviewed. We limited the final review to studies with random sampling on healthy children and adolescents who were under 18 years (˂18 years) and/or healthy adults who were aged 18 years and over (≥ 18 years). Studies were excluded if they were conducted on subjects with known health disorders, if they did not provide data that allowed calculation of standard errors for effect estimates, if they were Meta-analyses and systematic reviews, or if they were a duplicate publication of another study. In cases of multiple publications from the same population or cohort, only the largest study was included. The STROBE (strengthening the reporting of observational studies in epidemiology) statement was used for quality control of the studies (20) . Non-qualified studies were excluded. When necessary, authors were contacted for additional information. The flowchart of selection of article is illustrated in Figure 1 . 
Data extraction
The following items were extracted from the studies: first author's name, study location, study date, publication date, definition used for MetS, sex groups, mean age, age range, sample size, reported prevalence of MetS extracted by sex (men, women, and total) and age (children and adolescents, adults, and total), reported prevalence of various MetS components [High Waist circumference (WC), High triglycerides (TG), Low high-density lipoprotein cholesterol (HDL-C), High blood pressure (BP), High fasting blood sugar (FBS)] according to ATPIII criteria extracted by sex (men, women, and total) and age (children and adolescents, adults, and total), and its 95% confidence interval (CI) concerning the prevalence of MetS components. The abstracts and full articles were independently reviewed by two authors, and data were extracted according to protocol. Any inconsistencies were resolved between researchers by mutual agreement. All data were then admitted into data collection form and entered into Microsoft Excel.
Data synthesis and Statistical analysis
The main objective of the study was to evaluate the prevalence of MetS and its various components; therefore, its variance was estimated by binominal distributions. Weighting averaging was used to combine prevalence rate in different studies. Each study was given a weight equal to its inverse variance. The heterogeneity between studies was assessed using a Chi-square-based Q test. Wherever the results of studies were heterogeneous, random effects models were used in the meta-analysis. Due to the significant heterogeneity of the studies, the random effects model was applied. The findings are described in forest plots (the point estimations and their 95% CI). The effects of age, sample size and publication date as possible sources of heterogeneity among the study findings was examined by meta-regression. Funnel plots and Egger test were used to examine publication bias. P-values less than 0.05 were considered as significant in heterogeneity tests. Sensitivity analyses were pre-specified. The analyses were conducted with R Software (version 3.2.1) and STATA (version 10).
Results
In the primary search, a list of 562 papers and abstracts yielded by searching, was considered relevant and screened. Of these studies, 267 papers were excluded based on title and abstract evaluation (Of these, 115 were on subjects with diseases, 152 were unrelated) and 295 articles were retained for detailed full-text evaluation. In the next step and after full-text evaluation, we excluded another 225 articles (Of these, 37 did not have random sampling, 121 were duplicated articles, 23 were retrospective and review studies, 1 was Meta-analysis , 43 were excluded because of the same target population and overlapping publication); Finally, 67 local studies and 3 national studies that were published between 2003 and 2016 (1, 4-6, 10, 15-17, 21-82) were identified for meta-analysis ( Figure 1 ). The characteristics and extracted data from these studies are shown in Table 1 . The total sample sizes of studies using the criteria of ATP III, IDF and JIS were 145,887, 87,071, and 11,081, respectively. Among adults, the sample sizes were 128,464, 84,526, 9,635 and 3,770 based on ATP III, IDF, JIS and AHA definition. Also, the total sample sizes among children and adolescents were 17,423, 2,545, 1,446 and 1,300 using the ATP III, IDF, JIS and De Ferranti criteria (Table 2) . Table 2 presents the pooled estimations MetS prevalence using meta-analysis of data extracted from population-based studies in Iran. Forty-two studies were included for the prevalence calculation based on ATPIII criteria; among these studies, we found 33 reports given according to ATP III among adults and nine reports among children and adolescents. Sixteen of the seventy studies estimated MetS prevalence based on IDF definition which was considered in the statistical analysis; of these studies, 13 reports were based on IDF among adults and three reports were among children and adolescents. Sex studies (five among adults and three among children and adolescents) had reported MetS prevalence based on JIS criteria. (Figure 3) . As it is shown in Figure 3 , the prevalence of MetS measured by various criteria has been different; however, this difference was not statistically significant ( Figure 3) . Also, the prevalence of MetS was greater in boys than in girls (11% versus 7.6%, respectively) based on the ATP III (6.0% versus 3.9%, respectively) for IDF, (30.0% versus 2.0%, respectively) according to the JIS, (19.0% versus 15.5%, respectively) based on the De Ferranti criteria and in total (13.0% versus 7.4%, respectively) ( Table 2 ). and High FBS 9% (95% CI: 6-12%). Having a WC higher than the normal value was more common for adult women than men (59% versus 27%, respectively); whereas among children and adolescents, the frequency of High WC was almost equal in both sexes (11% versus 9%, respectively). Similar changes were also apparent for HDL-C level lower than the normal value; while among the adult population, the prevalence of low HDL-C was much higher in women than in men (60% versus 48%, respectively), among children and adolescents, the rate was almost similar in boys and girls (23% versus 30%, respectively). Among the adult population, hypertriglyceridemia was more prevalent in men than in women (49% versus 41%, respectively); however, this difference was not statistically significant. Having a TG higher than the normal value was almost similar in both sexes among children and adolescents (32% versus 34%, respectively). The prevalence of abnormal FPG was much higher in men than in women (26% versus 21%, respectively) and in boys than girls (12% versus 8%, respectively); however, there was no statistically significant difference by gender. The same trend was obtained for the prevalence of hypertension, which found High BP to be less prevalent in women than in men (31% versus 38%, respectively) and in boys than girls (16% versus 21%, respectively) ( Table  3) . Table 4 shows the meta-regression parameters. Interpretation of meta-regression showed that there was no significant relationship between the prevalence of metabolic syndrome and sample size (p≥0.05); the reason could be related to a larger sample size with more MetS prevalence and vice versa. Figure 4 presents the Begg's funnel plot of the association between MetS prevalence and year of each published paper in Iran. Regression analysis of this plot indicated no significant asymmetry (p≥0.05) and thus no evidence of bias ( Figure 4 ). As the slope of metaregression line was negative (p=0.251), there was no association between the metabolic syndrome prevalence with year of study in Iran. The results of the meta-regression show that the main source of heterogeneity in findings was the mean age of participants. The metabolic syndrome prevalence in age groups [< 18 years of age] 10.2% (CI: 10.0-19%) and [≥ 18 years of age] 31.6% (CI 95%: 29.2-34.1) was estimated. The results show that by each year increase in the mean age of individuals after the age of 18, the prevalence of MetS increased by 0.004% (coefficient: 0.0048792, p = 0.005). 
Discussion
In the present study, we considered the prevalence of MetS and its components in our systematic search. We limited our analysis to two age groups: children and adolescents who were under 18 years (˂18 years) and/or adults who were aged 18 years and over (≥ 18 years). Our findings indicate that the prevalence of MetS for age groups (< 18 years of age) was 10.2% (9.8%: ATP III, 5.5%: IDF, 15.0%: JIS, 17.5%: De Ferranti). The present study showed that the prevalence of MetS among children and adolescents in Iran was higher than in many other countries. In a study conducted in eight European countries among children MetS prevalence was 5.5% (83) and in the U.S, the prevalence of MetS among children and adolescents has been reported as 3.1% to 12.7% with different definitions (84) . Prevalence rate of MetS among children and adolescents is very much dependent on the various definitions offered. This figure was 8.9% in 8 to 9-year-old Brazilian children by adopting specific criteria for age (85), 6.5% in Mexico using modified ATP III criteria (86), 6.3% in 7-15-year-old children based on IDF criteria in Turkey (87), 4% based on the modified -ATPIII criteria in Tunisia (88), 6.6% using the De Ferranti definition among elementary school children of China (89), 4.2% using modified ATPIII criteria in north India (90) and 16.5% to 18% among school-aged children in Pakistan based on various definitions (91) . The absence of a comprehensive and universal definition of MetS in children and adolescents could, to some extent be a factor in the difference between the reported rates of prevalence from the numerous studies throughout the world. It has also been revealed through conducted studies that over time, the prevalence of MetS is increasing in these age groups. Furthermore, recent reports indicate that due to the increasing rate of childhood obesity on a global scale, the prevalence of childhood MetS has substantially increased during childhood and adolescence (92, 93) . It appears that in developing countries including Iran, childhood obesity plays a major role in the high prevalence of pediatric MetS. Furthermore, obesity, particularly in the central (abdominal) region, is now being considered as a key factor in MetS (75) . If the occurrence of MetS in children and adolescents is identified early, risk stratification of future cardiovascular events can be performed.
Another finding of this study indicates that the prevalence of MetS is relatively high in the Iranian adult population according to all definitions (31.6% (29.2%: ATP III, 32.8%: IDF, 43.6%: JIS and 34.5%: AHA)). This was according to the population-based studies in different cities of Iran. In another meta-analysis in Iran, prevalence of MetS among adults with 28 eligible studies was 37% (ATPIII: 36.9%, IDF: 34.6%, and JIS: 41.5%) which was almost similar to our findings (5) . So, the prevalence of MetS in Iran was expected to be high. These observed prevalence rates are noticeably higher than the estimated prevalence around the world, which is between 20% and 25% (94). A series of studies on the occurrence of the MetS in Europe have been reported to be ≤ 30%, which is lower than the results of the present study (95 (109) . In a nationwide study of the prevalence of the metabolic syndrome in Iran, greater waist circumference values and lower HDL-C have also been reported in Iranian communities than in Western populations, which supports the idea of an ethnic predisposition of the Iranian community to MetS (17) . Furthermore, it has been shown that MetS is highly age-dependent (110), our study confirmed this finding. We found that the prevalence of MetS in age groups (≥18 years of age) was significantly higher than age groups (˂18 years of age) (31.6% versus 10.2%, respectively); also it increased around 0.004% by each year of age increase after the age of 18. In recent years, the population of Iran has been growing older, and this might be one of the reasons for such a high prevalence of MetS in this country. Our findings show that the prevalence of MetS was more prevalent in Iranian women. Evaluation of studies suggests that sex differences in prevalence are more obvious in older ages. This sex difference can be explained by a statistically significant higher prevalence of MetS components in women (Table 3 ). The lack of consensus on MetS definitions and the cutoff points used for its components, especially regarding waist circumference, has resulted in these differences. In the most commonly used definitions for MetS, the cut-off point for waist circumference is usually higher for men and lower for women, which may have resulted in a higher prevalence of MetS being measured in women. A growing trend with increasing age in both genders was significant. The relatively high prevalence of MetS is a worldwide phenomenon. This prevalence appears to be increasing because of a parallel rise in the prevalence of obesity. The present study found Low HDL-C and hypertriglyceridemia as the most prevalent components of MetS, and could be related to unhealthy dietary patterns and physical inactivity. It was followed by High TG, High WC, High BP and High FBS. Each component of the metabolic syndrome has shown to increase the risk of cardiovascular disease and diabetes separately. Consequently, health professionals could evaluate and treat all metabolic risk factors without regard to whether a patient meets the criteria for diagnosis of the metabolic syndrome.
Limitations:
There are important clinical and public health implications in our results; the results will further contribute to the public health burden of CVD. There are also several limitations to our meta-analysis as insufficient available data prevented us from conducting separate analyses in the evaluation of all age groups. Other limitation is the lack of information about nutrition and lifestyle of the participants, which could explain part of the observed high prevalence. Furthermore, some studies associated with prevalence of MetS were not accessible.
Conclusions
The present study shows that the prevalence of MetS is high in the Iranian adult population. Also, it has a relatively high prevalence among children and adolescents. Metabolic syndrome is more prevalent in women than in men and increases with age in both sexes. The lack of consensus on MetS definitions has resulted in different reports of its prevalence. The most common component of MetS was Low HDL-C which was followed by High TG, High WC, High BP and High FBS. This study shows that MetS is a public health problem in Iran. Therefore, applying an appropriate screening and treatment system for MetS could prevent many chronic diseases that are costly to society.
